FLOW OVER LONGITUDINAL BAR 
BOTTOM-RACKS 


A Thesis Submittad 

in Partial Fulfilment of the Requirements 
for the Degree of 

MASTER OF TECHNOLOGY 


by 

SHREE KANT SHUKLA 


to the 

DEPARTMENT OF CIVIL ENGINEERING 

INDIAN INSTITUTE OF TECHNOLOGY, KANPUR 


APRIL, 1987 



TO 


My avid l*ata Mathat 





CERTIFICATE 



This is to certify that the thesis entitled 
” FLOVi/ OVER LONGITUDINAL BAR BOTTOiVhRACKS » « submitted 
by Shri Shree Kant Shukla in partial fulfilment of the 
requirements for the degree of Master of Technology at 
Indian Institute of Technology, Kanpur is a record of 
bonafied research work carried out by him under my 
supervision and guidance. The work embodied in this 
thesis has not been submitted elsewhere for a degree. 


Dated : April l>r , 1987 





Dr. K. Subram. 

Professor 
Dept, of Civil Engineering 
Indian Institute of Technology 
KANPUR 



ACKNQVfl^DGEMENT S 


4 4 

IX 


The author wishes to record his deep sense of 
gratitude to Dr. K. Subramanya for suggesting the problem 
and supervising the study covered in this thesis. The 
author is deeply indebted to him for his inspiring guidance*. . 
meticulous attention, constructive criticism and above all 
for his untiring devotion through out the tenure of this 
work . 

Thanks are due to Sri Suresh Kumar, T,0», Sri N* 
Satyanarayana, T.O,, and other staff of the Hydraulics 
Laboratory for their help in various phases of the experi- 
mental work. 

The author is highly thankful to his wife, his borthers 
and some of his other relatives for their constant encoura- 
gement towards higher studies. 


The author would also like to thank his friends, 
A,K, Dixit , D.K, Singh, R,K, Pachauri, R.L. Rana, S,R, Singh 
and Zagde for their help at certain important moments during 
this work. 

At the end, thanks due to all those who helped the 
author directly or indirectly during this work. 



(Shree Kant Shukla) 



CONTENTS 


CHAPTER I 

1.1 

1.2 

1.3 

1.4 

CHAPTER II 
2.1 
2.2 

2.3 

2.4 

2.5 

CHAPTER III 

3.1 

3.2 

3.3 

3.3.1 

3.3.2 

CHAPTER IV 

4.1 

4.1.1 
4..1,2 
4.2 


Page 


Certificate i 

Acknowledgements ii 

List of Tables v 

List of l-igures vi 

Notations Viii 

Abstract x 

Introduction 1 

Bottom-racks and their applica- 1 

tions 

Different kinds of bottom-racks 3 

Hydraulics of Longitudinal bar ^ 

bottom-racks 

The present study 6 

A critical review of literature 8 

Longitudinal bar bottom-racks 8 

Transverse bar bottom-racks 11 

Perforated plate bottom-racks 12 

Slots 14 

Conclusions 16 

Experiments and observations 17 

Experimental set up 17 

Range of parameters 22 

Observations 22 

Subcritical approach flows 23 

Supercritical approach flows 24 

Analysis 30 

Study of the limiting inlet depth 30 
Subcritical approach flows 30 

Supercritical approach flows 32 

Study of the coefficient of 
charge 34 



iv 


4.2.1 

4.2.2 

4.2.3 

4.2i4 

4.3 

4.3.1 

4.3.2 

4.3.3 

4.3.4 

4.4 

4.4.1 

4.4.2 

4.4.3 

4.4.4 
4.5 

CHAPTER V 

5.1 

5.2 


Parameters 

Coefficient of discharge in A1 
flows 

Coefficient of discharge in A3 
flows 

Coefficient of discharge in B1 
flows 

Prediction of the diversion 
ratio 

Parameters 

Diversion ratio in A1 flows 
Diversion ratio in B1 flows 
Diversion ratio in A1 flows 
over a slot 

Energy loss over the rack 
Introduction 

Energy slope in A1 flows 
Energy slope in B1 flows 
Energy loss in A3 flov^^s 
Water surface profile calcula- 
tions 

Conclusions and Recommendations 

Conclusions 

Recommendations 

List of References 

i^pendix I 

Appendix II 


34 


37 


41 

44 

47 

47 

49 

51 

54 

56 

56 

59 

62 

66 


67 


69 


69 

72 

73 
75 



LIST OF TABLES 


Table No « Title Page No . 

3.1 Details of flumes used in 

the experimental study 17 

3.2 Range of parameters in the 

experimental study 21 

3.3 Range of parameters of some 

Trench Weir installations 23 

4.1 Range of Parameters used in 

the study of the energy slope 65 

4.2 Range of energy loss parameters 

in A3 flQws 66 



LIST OF FIGURES 


Fiq. 

No. 

Title 

Paqe 

1.1 


Definition sketch 

5 

3.1 


Schematic view of the experimental 
setup No.l 

19 

3.2 


Schematic view of the experimental 
set up No. 2 

20 

3.3 


Classification of different types 

of flows over bottom-racks 

25 

3.4 


Typical water surface profiles in 
subcritical approach flows 

27 

3.5 


Typical water surface profiles for 
super critical approach flows 

28 

3.6 


Observed Typical velocity profiles 

29 

4.1 


Variation of limiting inlet depth Ratio 
in A1 type flows 

31 

4.2 

4.3 

and 

Variation of limiting inlet depth 
ratio with 6. and F^ in B1 type flows 

33 

A4.05 

4.4 and 

4.5 

Velocity triangle of the flow over the 

rack 

Variation of with V^/EgE^ and D/S in 

type flows. 

36 

A1 

38 

4.6 


Relation of with v‘^/2gE^ and D/ S in 

type flows 

A3 

42 

4.7 


Variation of in A3 type flows 

,43 

4,8 


Relation of with V^/ EgE^ and D/S in 

B1 type flows 

45 


No. 


and 


40 



* • 
Vll 


4,9 

Variation of in B1 type flows 

46 

4.10 

Variation of diversion ratio in A1 type 

flows 

50 

4.11 

Variation of diversion ratio in B1 type 
flows 

52 

4.12 

Relation of m with D/ S 

53 

4.13 

Variation of diversion ratio for a 
slot in A1 type flows 

55 

4.14 

Variation of energy loss over the 
rack in A1 type flows 

57 

4.15 

Variation of energy loss over the rack 
in B1 type flows 

58 

a. 16 

Relation of energy slope with L/Yt^ 
and D/s in A1 type flows 

60 

4.17 

Variation of energy slope over the rack in 
A1 type flows 

61 

4.18 

Relation of energy slope with L/y^ ^ 
and d/s in B1 type flows 

63 

4,19 

Variation of energy slope over the rack 
in B1 type flows 

64 



B 

D 

B 

F 

L 

N 


% 

% 

Qs 


q# 


R 


R 

s 

s 

s 

T 

V 

V 


eo 

er 

b 

e 


r 


Yie 

Ycl 

^IL. 

e 

-V(Nu) 


NOTATIONS 

Width of rack = Width of flume ^ 

Coefficient of discharge through the rack (= 

Diameter of rack bars 

Specific energy of the flow at a section 
Total energy loss over the rack 
. Froude number of the flow at a section 
Abstraction length of the rack 
Number of bars in the rack 
Diverted flow through the rack 
Residual flow in the flume 
Total flow of the approaching stream 
Diverted discharge per unit length of the rack 
Reynolds number of the flow at section (0) 
Reynolds number of the flow through the rack 
Clear spacing between rack bars 

Submergence of the inlet 

\ 

Energy slope along the rack 

Temperature of water in degree cent’igrates 
Mean velocity of the flow 

Resultant average velocity of flow through rac 

Depth of flow at beginning of the rack 

Depth of flow at end of the rack 

Critical depth of approach flow 

Downstream critical depth 

Depth of approach flow (at section (0)) 

Liminting inlet depth of flow 

Opening area tatio of the rack (1-ND/B). 

Kinematic viscosity of water. 



ABSTRACT 


An experimental study of the hydraulic behaviour 
of longitudinal bar bo ttom~racks for different flow conditions 
and geometry of the rack has been carried out. The flow 
has been classified into five types viz, Al, .^2, A3, B1 and B2| 
based on the approach flow condition and the effect of the 
tail water at the inlet. The A1,A3 , and B1 flows have 
been studied in detail in the present work. The variation 
of the limiting inlet depth ratio with the opening area ratio 
of the rack has been determined in A1 and B1 flows and this 
enables one to predict whether the flow over the rack is fully 
submerged or not, A suitable coefficient of discharge has 
been defined by using a working specific energy head and the 
orifice type of flow. Important flow and rack parameters aff- 
ecting the coefficient of discharge have been identified. 
The flow parameter in AL flows was found to have negligible 
effect on while it has considerable effect in A3 and B1 
flows. The variation of the discharge diversion in a rack has 
also been studied with pertinent flow and rack parameters for 
A1 and B1 flows separately. 

The energy loss was found to be substantial parti- 
cularly in A1 and B1 flows, though it was negligible in A3 
flows. The energy slope over the rack has been studied with 
prominent flow and rack parameters and approximate relation- 
ships have been obtained for evaluating the energy slope in 



xi 


A1 and B1 flows. This information will be useful in 
realistic estimation of water sucVface profiles over a 
rack. 

The findings of the present study provides basic 
data for effective and rational design of trench weirs. 



CHAPTER I 


INTRODUCTION 

1,1 Bottom-Racks and Their Applications ; 

Hydraulic structures are used to utilise effec- 
tively the available water-resources. Plans for the develo- 
pment of water-resources demand improved performance of 
hydraulic structures to harness river waters. Bottom-racks, 
also called as bottom-intakes, are hydraulic structures used 
to divert the flow in open-channels. Such bottom-intakes find 
diverse applications in different fields of hydraulic engin- 
eering, particularly in diverting water from mountanous streams 
Some of the applications of bottom intakes are listed below. 

(l) An application of bottom-intake which is becoming more 
popular nowadays because of the economy in it’s use as 
horizontal trash racks in the hydro-power plants loca- 
ted on mountanous streams. Such a structure, besides 
being simple in construction, eliminates the possible 
damage during floods to which any raised crest across 
the streams used for flow diversion would be suscep- 
tible. 

Such bottom-intakes in the streams are also known 
as •' Trench Weirs . Some of the trench weir installations 
in India are : 

(i) Two components of Binwa Hydroelectric project (H.P.) 


2x3MW, 
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(ii) Andhra Hydroelectric project (H.P. ) .3x5.65ivM. 

(iii) Bhaledh Nallah component of Baira-Siul Hydel Project 
3x60 MW. 

(iv) Stakna Hydel project, Leh ( J and K). 

Detailed information on Trench Weirs are available in Ref, (2,9). 

(2) In an irrigation canal system the surface runoff may 
some times be let into a canal andexcess flow may be 
disposed off at some convenient location downstream 

to a suitable drainage. The bottom-racks can effecti- 
vely be used for this purpose, 

(3) Avery common use of bottom-racks is as '' Kerb-outlets*’ 
on the sides of main street to drain storm water into 
the subsurface drains. These outlets may be made 'up of 
horizontal or slightly inclined bottom racks. 

(4) Often, the bottom-racks are used as ’ ' Skimmers ' ' 
when it is desired to reduce the volume of water to 
transport fish (l), 

(5) Bottom-rack can also be used in the sedimentation tanks 
to trap the debris in the grit chambers (11). 

(6) A bottom-intake structure designed for the use by the 
Government of Hong Kong to divert water from streams 
draining the Sai Kung Peninsula by a system of shafts 
and tunnels to a reservoir at high island is described 
in Ref .(14). 



3 


1*2 Different Kinds of Bottom-Racks ; 

Fig, 1.1 shows a typical definition sketch of a 
bottom-rack assembly. The bottom-racks can be classified into 
four categories on the basis of the nature of the rack as: 

(i) Transverse bar bottom-racks: 

In these racks the bars are placed transverse to 
the direction of flow. The bars may be of circular, rectangular 
or of, any special shape to meet the specific requirement. When 
the width of the stream is large compared to the length of 
racJc, the installation of these racks may sometimes prove to 
be uneconomical because of the requirement of too lengthy bars. 

(ii) Longitudinal bar bottom-racks: 

In these racks the bars are laid parallel to the 
direction of flow. The bars are of any convenient shape. 

These racks are convenient to install under field conditions, 
where the width of the stream is large compared to the length 
of the rack. All the trench weirs adopt this type of bottom- 
racks . 

(iii) Perforated plate bottom-racks: 

Such racks are generally used in process industries. 
These are plates having uniformly spaced or staggered circular 
holes. 

(iv) Slots: 

Slots are the limiting case of bottom-racks with 


all the bars removed 
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Further to the above classification the bottom- 
racks may be horizontal or inclined with reference to app- 
roach bed level of the channel. 

The present investigation is confined to the 
study of horizontal longitudinal bar bottom-racks with 
circular bars only. 

1«3. Hydraulics of Longitudinal Bar Bottom-Racks : 

The flow over the bottom-rack is a spatially 
varied flow with decreasing discharge. The performance of 
a bottom rack depends upon the flow characteristics such as 
the amount of main flow, the state of flow approaching the 
rack and the geometric characteristics of the rack such as 
it’s length, width, slope and the shape, width and spacing 
of the rack elements. 

Fig. 1,1 is a definiton sketch of the flow over 
a horizontal longitudinal bar bottom-rack. The bars are made 
of circular rods of diameter D. The main variables involved 
in the problem are : 

(a) Flow characteristics: 

Rate of approach flow Qg, rate of diverted flow 
through the rack Qj^, state of approach flow, depths YQfYiQ 
and 

(b) Geometry of the Rack: 

This includes the length L, width B of the rack, 
the bar diameter D. and clear spacing S between bars. 
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(c) The fluid properties; 

Chiefly the dynamic viscosity p. and mass 
density ^ of watex* 

The basic hydraulic characteristics required 
to be predicted are; 

(i) To classify the different types of flows over the rack, 

(ii) A suitably defined coefficient of discharge and it’s 
variation, 

(iii) The diversion ratio Qq/Q^ of the rack, 

(iv) The water-surface profile over the rack, 

(v) The energy loss over the rack. 

The above information will help one to design such 
a bottom-intake with help of known parameters. 

1.4 The Present Study ; 

A study of the relevant literature on the topic 
of bottom-racks indicated that this field has received very 
little attention compared to it ' s practical importance. The 
available works while meagre are essentially for the slots 
(4,6,11,13) and transverse bar racks (7,8,10), The case of 
longitudinal bar bottom-racks while being important from 
practical point of view, has not received due attention and 
the studies are lim.'.ted to a few exploratory investigations 
(3,5,14). 
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Keeping in mind the unsatisfactory information 
available, an experimental study, to prodict the hydraulic 
behaviour of horizontal longitudinal bar bottom-racks made 
up of circular bars, was designed to get maximum possible 
useful information within the limitations of available time* 

The present study includes different approach flov^? conditions 
and geometries of the rack. Some of the related works availa- 
ble in the literature have been compared with the data of 
present study. The arrangement of different topics in the 
thesis is as follows; 

A critical review of the available literature has 
been presented in Chapterll. Chapter III contains the details 
of experiments and observations. Analysis of the data colle- 
cted in the present study is given in Chapter IV. The various 
conclusions arising out of the present study have been colle- 
cted in Chapter V. Certain recommendations for further studies 
on this topic are also listed in this Chapter. 

Appendix I contains the basic as well as derived data of the 
present study. All the data are given in a convenient tabular 
form. In Appendix II a design procedure for a bottom-intake 
has been explained. A simple Fortran program has also been 
given for designing such a bottom-intake in practical situa- 
tions where the approach flow conditions and the rate of flow 
to be diverted from the intake are known, A worked example 
also has been given by taking the data from model studies of 
Banu and Parai Khads of Himanchal Pradesh and results have been 
compared with their original recommended design. 



CHAPTER II 


A CRITICAL REVIEW OF LITERATURE 

Flow over bottora-rack belongs to the category 
of spatially varied flow with decreasing discharge. Deter- 
mination of the performance of a bottom-rack is a complex 
problem involving a large number of variables. Many investi- 
gations have been carried out with a view to evolve a proper 
design for a bottom-intake. Serious efforts to analyse and 
understand the phenomenon of flow over bottom-racks, however, 
have been devoted only since last three decades. Some of the 
important works are reviewed below: 

2.1 Longitudinal Bar Bottom-Racks : 

A rational approach to the problem of bottom- 
racks was given by Mostkow(3). His experiments were conducted 
on intakes having longitudinal bar bottom-racks. For the analy- 
sis, he assumed that for such bottom-racks the specific energy 
of the flow all over the rack remains constant and is taken as 
effective head causing the flow through the rack. The disch- 
arge per unit length of rack, by considering it as an orifice, 
was given as 

(“ ^) = ( 2 . 1 ) 

where = coefficient of discharge of longitudinal bar 
bottom-racks and E = constant specific energy all over 


rack 
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The differential equation of SVF for horizontal frictionless 
channel will be 


dx 


Qy(- 


( 2 . 2 ) 


Further, the discharge Q at any section is given by 


Q =By YsiTl^y) 


(2.3) 


substituting Eqs. (2.1) and (2*3) in (2.2) and integrating 
the final equation hence found, a equation for water surface 
profile was obtained as: 



The value of the coefficient Cj^ was assumed to be constant 
for a particular slope of the rack. He suggested that the 
value of Cj^ varies from 0.435, for a grade of 1 on 6, to 
0.497, for a horizontal slope of the rack. 

Noseda (5) has analytically studied the character” 
istics of. a longitudinal bar bottom-intake. His assumptions 
are similar to that of Mostkow, with an addition that the 
approach flow tc the rack is critical. The discharge per unit 
length of the rack v^as defined as 


(- ^ ) = Cn£ B irjgy' 

where = coefficient of discharge 
flow was given as 

4 = ^^ yL 


(2.5) 

The critical approach 

( 2 . 6 ) 
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The discharge diversion Qq/Q 3 from constant 
specific energy criteria and Eq. (2,6) is 




Qc 


= 1 


[ 2 ( 




2e 

^le 


(2.7) 


^ "^le 

Eqs, (2.5) and (2.7) were combined and integrated to provide 
the relationship between two brink depths and length of the 
rack ; 

If 2 C eL/y, = (Sin"^(l/3)-Sin“^( -1) 


le 


* I 


^le 


(2.8) 


F Finally, the general diversion characteristics 

relating the diverted flow and the stream flow was derived as 
a plot, using : 

QjB 

n / r\ O 

(2.9) 


m C„eL/y,^)-3/2 = gl/2(^2ec 


n' 

Naseda suggested that C is independent of stream flow Q*, 

n 

and aspect ratio of the bars (D/L). Assuming as 0.815 for 
a given rack geometry and yxe»y2e help of above 

Eqs. (2. 7, 2, 8, 2. 9) a design chart as a plot of 


Qj/B 


Qg/B 


C„)3/2 ^3/2 gi/2(^2ec„)^^^ 

recommended by Noseda to study the diversion characteristics. 

’/^hite, et al (14) conducted model tests and 
compared the performance of bottom-intakes having different 


has been 
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length of bars, bar spacing, the transverse slope of the 
top surface of the bars and analysed the data on the basis 
of Noseda's work. The tests were conducted on racks made 
of longitudinal bars with special sloping top surfaces. 

Racks were kept at a constant longitudinal slope of 1 verti- 
cal on 5 horizontal. In these tests the value of€ ranged 
from 0,167 to 0,333 and L/w from 6 to 10 where w= width of 
rack bars. This study has shown that is not independent 

of stream flow as suggested by Noseda, A design chart based 

Qc Qr^ 

on the model tests, as a plot of- vs ^ 

valid for 6 < 10; 0.167<£. < 0.333 and critical approach 

flov'i to the rack only has beengiven by them. Further, regarding 
the shape of bars white, et al suggested that a ' ' no flow 
rejection'* along the top of bars at lower stream flows can 
be achieved by providing the transverse top surface slope on 
the bars, having value between 1 in 3 to 1 in 2. 

2,2 Transverse Bar Bottom-Racks : 

Subramanya and Sengupta (8,10) have conducted 
an extensive experimental study on the flow over transverse 
bar bottom-racks. The racks were made of rectangular bars of 
width w. It was shown that Mostkov/'s coefficient of discharge 
depends upon the approach state of flow, viz whether sub- 
critical or supercritical and on the aspect ratio w/l of bars. 
When the approach flow is supercritical, varies signifi- 
cantly with the area factor. The coefficient Cj^ decreases as 
the approach flow Froude number is increased and the influence 
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of w/L is less pronounced. The same trend appears to exist 
when the approach flow is subcritical, though w/L has more 
pronounced effect on the value of Further, it was found 

that value of is large for subcritical flows than for 
supercritical flows. They have not studied the effect of 
inclination of the rack on The assumption of constant 

specific energy through out the rack length, for determin- 
ation of the water surface profiles, is questionable. 

Rangaraju, et al (7) studied the flow over 
bottom-racks comprising of transverse circular bars. The 
experimental study was limited to subcritical approach flows 
only. A set of equations relating the length of the rack to 
hydraulic parameters and empirical relations for the contra- 
ction coefficient as well as the discharge coefficient have 
been proposed. It has been shown that the coefficient of 
contraction is mainly the function of Reynolds number of the 
approach flow, Froude number of the flow over rack and the 
opening area ratio of the rack. Further, it was shown that 
there is an energy loss over the rack which ranges from 20 
percent to 50 percent of the initial specific energy. A 
method of computing the discharge through-racks and the 
depths at the inlet and exit has been proposed. 

2.3 Perforate Plate Bottom-Racks ; 

An analytical and experimental study conducted 
by Mostkow (3), is perhaps the major work available for 
perforated plate bottom-racks. For the analysis, he assumed 
that the effective head causing the flow is equal to the 
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depth of flow over the rack. The outflow discharge per unit 
length through the rack, was presented as 


' (- " ( 2 . 10 ) 

where C 2 = coefficient of discharge for perforated plate bottom 
racks. The differential equation of SVF assuming the channel 
to be horizontal and frictionless, will be 


dx 


Qy (* 


dQ 




gsV-Q^ 


( 2 . 11 ) 


substituting Eqs (2.10) and (2,3) in Eq. (2.1i) and integrating 
by using the boundary condition y =yj_Q at X = 0, yields the 
SVF prafile for perforared plate bottom-racks as 



Afostkovi/ ( 3 ) found that C 2 is constant for a particular slope of 
the rack and varies from 0,750, for a grade of 1 on 5, to 
0.800, for a horizontal slope of the rack, Sengupta (8) has 
shown the variation of C 2 with and w/L for super- 

critical approach flows, Subramanya (10) suggested that C 2 
could be expected to be given by 


C2=fn (FjL,e . (2.13) 

where Xj = a hole spacing parameter and = a hole arrang-ensent 
parameter. No extensive analysis and experimental study is 
available regarding the variation of C 2 . 
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2.4 Slots ; 


Studies on hydraulic characteristics of bottom- 
slots have been reported by Venkataraman (4,11,13) and 
Ramamurthy (6), Venkataraman, et al (4) have conducted an 
analytical and experimental study of the flow with a slot 
spanning the entire width of the channel. Defining the 
coefficient of discharge through the slot as: 


Q. 


D 


'dv 


where E 


1 


BL 

specific energy of the flow at inlet. 


(2.14) 


An 


expression for the variation of has been obtained as 

Cdv = Jl-(V^^/2gE^) 


( 2 . 15 : 


The Equation 2,15 was also verified experimentally for 
subcritical as well supercritical approach flows. A momentum 
formulation for the brink depth ratio has been proposed 

The ratio Qj-)/Qg is defined as performance factor of the slot 
and is found to be a function of L/y^, given as: 


= 0.59 (L/y^) +0.04 (L/y^)^ (2.16) 

S 

Venkataraman (11,13) defined another coefficient of discharge 
=dvl asi 



and observed experimentally that it is invariant v^ith and 
Yiq/^ but decreases with the increase in length L of the 
opening. 
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Ramamurthy, et al (6) based on two dimensional 

channel outlet model and experimental data, presented a 

functional relationship between the discharge coefficient 

Cd and the velocity parameter "n, with as the group 

’’^le 

parameter for the floor slot discharge, as 


Cdr - 0.611 + + 03 ^- 0 ^^ + .... 


(2.18) 


for 0<~ < 1.0; 0 < r)j_ < 1.0 

^le ” 


where C 


: = -0.538 + 0.254 ); =0.058+0.234 ) 

^le ^le 


and 03^ = -0.129 - 0.489 ( ^ ) 


^1 


^1. 


1 . 


2P. 


1 + 


(2.19) 


( 2 . 20 ) 


and = Pressure correction factor for curvilinear flows 
= fn (L/y^) 


Venkataraman, et al (12) have conducted on experi- 
mental study including all typos of bottom-racks and slot. 
They have shown that the assumption of constant specific 
energy along the rack is confirmed for subcritical approach 
flows for racks with small openings. In all other cases an 
energy decrease along the rack was noted, but no detailed 
study in this regard is reported. 
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2.5 Conclusions : 

On reviewing the available literature it is 
observed that results of many investigations are of very 
limited nature. Most of them belong to the category of 
transverse bar bottom-racks or slots. Further, the assump- 
tion of constant specific energy all over the rack is 
questionable. Since the parallel bar bottom-racks are 
important from the point of view of practical applications, 
it was felt worth while to conduct an experimental study for 
analysing the flow over such racks including as many varia- 
ble as possible. 



CHAPTER III 


EXPERIMENTS AND OBSERVATIONS 

3.1 Experimental Set-up ; 

To study the hydraulic behaviour of 
horizontal longitudinal bar bottom-racks , experiments were 
carried out in the hydraulic laboratory of the Indian 

Institute of Technology, Kanpur. The experiments were condu- 
cted in two f lumes , Flumes A and B, with details as given 
below! 

Table 3,1 Details of Flumes Used in the Experimental Study 



Flume A 

Flume B 

VVidth 

0.60 m 

0.15 m 

Length 

9.00 m 

3.00 m 

Type 

Non-recircula- 

ting 

Partially -recir 
culating 

Bed 

Horizontal 
and Smooth 

Horizontal and 
Smooth 

Side Walls 

Masonry 

Side Walls 

Plexi-glas ■ Side 
Walls 

Cross-Section 

Rectangular 

Rectangular 

Max .Discharge 
Available 

95 Liters/S 

18 Liters/S 

Upstream Control 

Sluice Gate 

Sluice Gate 

Downstream 

Control 

Bottom-hinged 
Flap Gate 

Sluice Gate 


The diverted flow through Hie rack in flume A 
was passed through channel No. II and measured by a rectangular- 
notch fitted at it's down stream end. Residual flow was passed 
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through channel No. Ill and measured by a V -Notch. The 
Notches were calibrated before starting the experiments. A 
schematic view of experimenal set up No. 1 for flume A is 
given in Fig. 3.1 The diverted flow through the rack in 
flume B was measured by a 90° V-Notch and the total stream 
flow ^was measured by a calibrated vinturimeter fitted in 
the supply pipe. For the head measurements in Notches, 
point guages with least count of 0.1 mm were used. A sche- 
matic view of experimental set up No. 2 for flume B is given 
in Fig. 3 .2. 

In flume A, a slot having width B = 60 cm and 
Lenth L= 30 cm, was cut at a distance of 5 meter, from the 
upstream gate. The rack made of circular bars could be 
placed in this slot. The diameter D of the bars was kept 
22 mm and the bars were placed at uniform clear spacing S. 
Keeping D = 22 mm as constant and varying the spacing S, four 
sets of racks were prepared having D/S ratios of 1.13, 2.05, 
2.90 and 5.60. Then for the same rack by using a cover plate 
beneath and filling the gaps by cement mortar uniformly, the 
length of the rack was reduced to 1 5 cm, to achieve B/L=4,0. 
All the four rack sets having the D/S ratios mentioned above 
were also tested by making B/L = 4.0. With the available 
discharge and downstream control only supercritical appro- 
ach flow could be obtained in flume A. 

In flume B, a slot of width B=1 5 cm and length 
L=7.5 cm. was cut at a distance 2.56 meters, from the 



-NOTCH 



Schematic View of the Experimental Setup No. 


TO MANOMETER VENTURI METER 



Schematic View of the Experimental Setup No. 
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Upstream gate. Circular bars of diameter 6 mm v/ere used 
for all the rack assemblies and the bars were placed at 
uniform clear spacing. The spacing S was changed for diff- 
erent rack sets to achieve four sets of D/S ratios of 1 ,1 7j, 
1,89ji3,33 and 5,50. With the help of small angles placed 
underneath the rack from both sides, the length could be 
reduced to 3,75 cm to achieve B/L = 4.0 for all the four 
rack sets. With the available discharge and downstream 
control only subcritical approach flow could be obtained 
in this flume. For the study of flow over a pure slot the 
flume B was chosen and a slot having B=1 5 cm was made. After 
this study, the slot length was reduced to 3,75 cm to get , 
B/L = 4,0, When the whole flow was diverted v^/ithin certain 
length of rack, this particular length was taken as L, 

Table 3,2 Range of Parameters in the Experimental Study 

Parameter Range 


D/S 

B/L 

D 


R 

R 


er 

eo 


Vo/ 


1 ,1 3 to 5,60 
0,1 57 to 0,487 
2.00 and 4,00 
0,60 cm and 2.2C cm 
0,200 to 5,40 

3.5x1 O^to 3.5x1 o"^ 

1 x1 0^ to 1 .95x1 0^ 


0.02 to 0.95 
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3,2 Range of Parameters! 


A total of 146 runs were conducted and the range 
of various parameters studied are shown in Table 3,2 • 

V. 


Where 


Fo = 




= froude number of approach flow at 


section (O) defined in Fig, 1.1, 


Rgo“ Approach flow Reynolds number at section ( 0 ) 


R 


^ BV „ 
Qp X D 


QP~ " bl ' S-p" ” Reynolds number of the flow through 
the rack . 

= Kinematic viscosity of water 5 and 
Qp = Diverted flow through the rack. 


The present study fairly covers the usual practical 
ranges of parameters used in the design of Trench weirs j as 
can be seen from Table 3,3 where some parameters corresponding 
to the design data of trench weirs are given. 


3.3 Observations ! 

For a given rack in a flume, a series of experiments 
were conducted starting from the smallest discharge and gradua- 
lly increasing it in steps till the maximum discharge capacity 
of the flume was reached. In a typical experiment the centre 
line depth of flow along the flume at different sections were 
measured with a movable point, guage of least count 0,1 mm. 

On the basis of the water surface profiles that exist over 
the rack and the approach flow, the flows can be grossly 
classified into two categories viz, subcritical and super- 
critical approach flows. 
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Table 3.3 Range of Pararaeters of Some Trench Weir Installations 


Parameters 

Binwa Hydel Project CSb) 
Banu Weir Parai Vfeir 

Andhra Hydel 
Project eg) 

D/S 

0.8333 

0.8333 

1.333 

e 

0.490 

0.490 

0.429 

B/L 

7.000 

3.000 

26.670 

D 

2.5 cm 

2.5 cm 

4.0 cm 

Fo 

2.00 

1.10 

— * 

R 

5.6x10^ 

2.0x10'^ 

1,4x10'^ 

er 




VoV2gE„ 

0.670 

0.370 



* = Data not available 


3,3.1 Subcritical Approach Flow ; 

In the case of subcritical approach flow the depth 
of flow continuously decreases from upstream gate to the 
beginning of the rack. It is observed that the flow becomes 
supercritical at the inlet to the rack, hence producing a 
critical flow condition a little distance upstream from the 
inlet. The depth of flow decreases along the rack and super 
critical flow exists all over it. Downstream of the rack 
the depth increases slightly due to friction. Depending 
upon the tail water condition a jump may occur downstream 
to the rack. This jump may shift upstream and may form 
even in the middle of the rack itself. So long as the inlet 
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depth is not affected by the jump ( i.e. tail water) 

such flows are designated as 'Free flows'. When the jump 
shifts further upstream the inlet becomes submerjed and 
the flow becomes subcritical all along the channel. Thus, 
three types of flov^/s could be identified in this category: 

A1 : Subcritical approach flow and super critical flow 

all over the rack. This is called 'subcritical 
approach free flow. ’ 

A2 ■ : Subcritical approach and partial supercritical 

over the rack. 

A3 : Subcritical flow all along the channel. This is 

called 'Subcritical approach submerged flow*. 

All the three types of flows are shown in Fig. 3.3. In this 
figure y^ is upstream critical depth and y^j^ stands for 
downstream critical depth, 

3.3.2 Super Critical Approach Flows ; 

In the category of supercritical approach flows 
it was observed that for lower Froude numbers (say F^=1.2) the 
w^ater surface drops from the upstream gate to the beginning 
of the rack. The depth of flow decreases along the rack and 
the flow along it will also be supercritical. After the end 
of the rack the depth increases slightly due to friction. The 
same trend is- observed for all the lower Froude numbers 
(R^=1.0 to 1,4), But when the Froude number is more than 
about 2.0 the depth increases from upstream gate upto abo^t 



L — ^ 


. 3.3. Classification of Different Types of Flows Over 
Bottom - racks . 
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the beginning of the rack due to high channel friction and 
drops down at the beginning of the rack. Depending upon the 
downstream control, a jump may some time occur downstream 
of the rack and may shift upstream to produce subcritical 
flow in the neighbourhood of inlet in the approach channel. 
Also it can be observed that for Froude numbers greater 
than 2.0 there is lesser difference between y^ and y, 
compared to that in the Froude number range of 1.0 to 1.4. 
Thus two types of flows may be clearly identified i 

B1 : Supercritical approach flow and supercritical flow 

all over the rack. 

B2 ; Super critical approach flow and partial sub- 
critical over the rack, 

B1 and B2 types of flows are shown in Fig. 3,3. Typical obs- 
erved water surface profiles for different types of flows 
A1,A2 and A3 are shown in Fig. 3.4. Fig. 3,5 shows the 
profiles, all corresponding to B1 flows only. For a few runs 
the velocity profiles were also measured at certain sections 
of the channel. Some of the observed velocity profiles are 
shown in Fig. 3.6. 

The present investigation is confined to the study 
of A1,A3 and B1 flows. The flow types A2 and 32 are beyond 
the scope of the present study in view of the complex flow 
situations. The data collected in Al, A3 and 31 flows are 
summarised in Appendix I. 
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E 



Fig. 3.4. Typical Water Surface Profiles in Subcritical 
Approach Flows . 


Run : 108 
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Fig. 33. Typical Water Surface Pro'files for Super-critical 
Approach Flows (B1 Type). 


Run : 145 
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CHAPTER IV 


ANALYSIS 

4.1 Study of The Limiting Inlet Depth ; 

4.1.1 Subcritical Approach Flows ; 


As indicated earlier in section 3,3,1 and shown 
in Fig, 3.3, three types of flows (viz, A1,A2,A3) are 
possible for subcritical approach flow case. The limiting 
inlet depth is introduced with a view to differentiate 
the free and submerged flows. For A1 and A2 types of flows 
the inlet depth yj^e=yj_L type of flow the inlet 

depth yie>yj_L* ^ subcritical flov; with a sudden drop, 

the depth y^^^^ will be the end depth. For rectangular chann- 
els, subcritical flows it’s value will be a constant at 
0,715 y , Also for any channel shape, in subcritical flows, 
the end depth ratio yj_L/yc independent of the Froude 
number (10), Hence, for A1 type flows over longitudinal 
bar bottom-racks, the ratio can be represented as 


^IL 

y^ 


fn (-B/L,£) 


(4.1) 


Fig. 4,1 shows the variation of the limiting inlet depth 
ratio ^IL with C foi' B/L = 2.0 and 4.0. It is seen that 

y^ 


^L 


decreases with ^ and is unaffected by the value of 


B/L . A best fit equation for the variation of the limiting 



B/L Symbol 
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inlet depth ratio was obtained as 


liL 


-0.215 Log£ +0.715 


(4.2) 


Eq. (4.2) is useful in determining the existence of A3 type 
flows . 

4.1.2 Supercritical Approach Flows ? 

As indicated in section 3.3.2, in supercritical 

approach flows two types of flows over the rack are possible 

and these viz B1 and B2 type flows, are shown in Fig. 3. 3, 

From an analogy of end depths at sudden drops in supercritical 

Yil 

flows, for B1 and 32 types of flows over racks can be 

"^c 

expected to be a function of Froude number also and can be 
represented as 


y 

y. 


IL 


= fn (3/L , , F^) 


Fig. 4.3 shows the variation of 


yiL 


(4.3) 

withe and B/L, by 


taking F^ as a third parameter. It is seen that the B/L does 


not have any effect on 


llL 

Y. 


yiL 


The effect of F^ on 

o y 


for 


c " c 

a givens. was found to be related by a linear relationship 

and the relation between the three parameters found by the 

best fit technique is: 


V 


IL 


y. 


= 0.915 - 0.137 


o 


0.166 ^ 


(4.4) 


Fig. 4.4 shows the validity of Eq. (4.4). The correlation 
is very good and as such this Equation can be used with 




Variation of Limiting Inlet Depth Fig. 4.3. Variation of Limiting Inlet 
Ratio with € and Fq in Super- Depth in Super-critical 

critical Approach Flows Approach Flows (B1 Type) 

(B1 Type). 
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confidence for predicting in supercritical approach 
flows over longitudinal bar bottom-racks. 

4,2 Study of The Coefficient of Discharge : 


4,2.1 Parameters ; 

The pressure distribution at the inlet of the 
rack will in general be different from the hydrostatic 
pressure distribution due to the curvature of the flow. 

In the extreme case of a sudden drop ( and also a slot) it 
is known that the critical depth y occurs at about 5y and 
at that section the flow is essentially parallel and the 
hydrostatic pressure distribution exists there. As such 
a section at a distance of 5 y^^ upstream from the inlet 
was chosen for defining the approach flow parameters. At 

V2 

this section the specific energy was taken as 2g * 

Assuming an orifice type flow through the rack with an operating 
head equal to the energy head over the entire rack, a coe- 
fficient of discharge through the longitudinal bar bottom~ 
racks is defined as 

r - '^D 

^ BLeY2gE0 

where = diverted flow through rack. The possible variables, 
influencing may be grouped as; 

= fn(VQ,y^^, B,L,D, S,g, longitudinal slope 

(4.6) 

Hence the dimensionless groups of variables will be 
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=fn ( 


V, 


V y 
0^0 


YiTo V 


» y » 


B 

L» 


longidutinal 


slope) (4.7) 


For horizontal bottom-racks , longidudinal slope =0 and for 

D 

two dimensional flow cases may be considered to be 

an insignificant parameter. Out of the two rack parameters 


D/ S is considered to be significant and the other viz, D/B 
can be considered to be insignificant especially for very 
low values of D/B. For turbulent flows ^o^o 


V 


“ = Reynolds 


number of the approach flow being very high may be considered 
to have negligible effect over C^, Hence for analysis in the 
practical ranges, the functional variation of is taken 
as 


=d = [ ^0- § ' (4-®) 

If V = mean flow velocity in the channel, the resultant 
velocity is given by +2gE as shown in Fig.A4.05. 

The velocity through the rack, when assumed as an orifice 
flow, is directly proportional to 'f2gE, where E is the specific 
energy at any section over the rack. Also the parameter 


2 

w = tan 0 where 0 = angle of inclination of the resultant 

zgt 

velocity with the vertical. Hence greater the angle 0 
lesser will be the effective area carrying the diverted flow. 
Hence lesser will be C^. Thus seem to be an important 

parameter affecting the C^, This parameter can be r epres-ented 
as 


^ _ 1 
2gE " T 2 gy+v 2 ) ( 1 + 2 /F^) 


(4.9) 
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ila* Velocity Tyccoagfie of Flou? 

- l^LveY^rlrt^ HHvou^^ R cuck. . 
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where F= Froude number of the flow at any section. For the 

v2 

purpose of analysis, the dimensionless parameter o can 


be taken to be representative of for given rack and 

inlet conditions. In view of this, the parameter o is 

2gE^ 

used in the place F in Eq (4.8) to represent C, as 


2gE, 


o 


'^d ^ ^ 2gE7 » 


D B N 
S» L ^ 


It may be mentioned that a parameter similar to 


'0 


2gE, 


(4.10) 


has 


also been used previously by Venkatararaan, et al (4) and 
Ramamurthy, et al (6) to represent the approach velocity 
effect over the discharge coefficient through bottom-intakes. 
The term ' o can be called as the Flow parameter for the 
rack. The parameter D/S is a measure of transverse contra- 
ction of the flow for a given opening area ratio . The 
parameter B/L is a measure of the two dimensionality of flow 
over the rack representing the possible effects of side walls 

The variation of with the parameters given in 
Eq. (4.10) is analysed separately for M,A3 and B1 types of 
flow. 


4.2.2 


in Al Flows ; 


V( 


For Al flows the variation of with by 

taking D/S as the third parameter is shown in Fig. 4.4, Four 
values of D/S in each of the two sets B/L =2.0 and 4.0 
respectively are plotted in this Figure. Also plotted are 
the results of experiments of flow over a slot. It is see-n 
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Fig. 4.4. Variation of with VQ/2gEQ and D/S in Subcritical Approach 
Flows ( A1 Type ) . 
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that for a given D/S, there is no effect of S/L and the 

V2 

value of decreases very slowly with , The trend is 

consistent for all four values of D/S tested. The variation 
of for a slot is appropriately located ^at low values of 
d/s. However, for a slot, the effect of p' is more 

-y^Q 

pronounced, possibly due to the different nature of flow. 

9 

vr 


The variation of for a given 
to be related by a logarithmic relation as 


2gE, 


was found 


C, = 0.2 Log (D/S) + 0.56 


(4.11) 


within the range of D/S values tested (viz, D/ S= 1.17 to 
5.50). The best fit relation for the experimental data on 
A1 flows was obtained as 


C, = 0.2 Log (D/S)--0.247 ( 


v: 


2qE. 


■) + 0.601 (4.12) 


This is shown in Fig. 4.5 where [ C^-0*2 Log (D/S)] is plotted 

against and all the data on A1 flov/s are plotted, 

Eg. (4.12) is also shown in this Fig. It is interesting 

to. observe the small scatters of data and hence the good 

correlation. As such. Eg. (4.12) can be taken to adeguately 

represent the variation of in A1 flows for longitudinal 

bar bottom-racks. It may be noted that 2 §e” ^ very 

small effect on C, in A1 flows, as the term o will be within 

^ 2gE^ 

a value of 0.33, Hence, the second term in Eg. (4.12) can 
be neglected within 5 percent error. 
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4.2.3 in A3 Flows: 


For A3 flows can be expected to be given by 

(4.13) 
For A3 


, D/S , and B/L) 


iLCliL 
yi< 


by taking D/ S as third 


where S, = submergence of the inlet 
flows the variation of C , with o 

25e„ 

parameter is shown in Fig. 4.6. Four values of D/S in each 
of the two sets B/L = 2.0 and 4.0 respectively are plotted 
in this figure, the data covers a range of submiergence 
Sj^= 0.1 to 0.55. Also plotted are the results of experiments 
of flow over a slot. It is seen that for a given D/S, there 
is no effect of B/L and the value of decreases vdth 


!L 

agey 


The trend is consistent for all four values of D/S 


tested. The variation of for a slot is properly located 

at low values of D/S. Also there was no trend of variation 

V2 

of C , with S. . The variation of C , for a constant was 

d b d 

found to be related by a logarithmic relation as 


= 0.28 Log (D/S) + 0.57 (4.14) 

;vithin the range of D/ S values tested (viz, D/ S =1.17 to 
5.50). The best fit relation for the experimental data on 
A3 flows was obtained as 

=0.28 Log(D/S)-0.565(^ ) + 0.752 (4.15) 

This is shown in Fig. 4.7 where [Cj—0.28 Log (D/S)] is plotted 

vj 

against and all the data on A3 flows are plotted. 

Eg. (4.15) is also shown. The maximum scatter of experimental 






Symbols Same 
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data v/as found to be + 6yi, Hence, being a satisfactory 
correlation Eq. (4.15) can be taken to adequately represent 
the variation of in A3 flovi/s over longitudinal bar bottom- 
racks for submergence factor _< 0.55. It may be noted that, 

compared to A1 flows the values of C, are hioher in A3 flows. 

cx 

It is possible that at ' is a weak function of Sj^ and at 
higher submergences Eq. (4.15) may have different coefficients. 


4.2.4 in B1 flows; 


v: 


For B1 flows the variation of with by 

taking D/S as third parameter is shown in Fig. 4.8. Four 
values of D/S in each of the two sets B/L = 2.0 and 4.0 
respectively are plotted in this figure. It is seen that for 
a given D/S, there is no effect of B/L and the value of C. 

V2 “ 

decreases vdth The trend is consistent for all the 

2gEo 

four values- of D/ S tested. The variation of C, for a cons- 
V2 ^ 

tant was found to be related by a logarithmic relation 

as 


0.36 Log (D/S) +0.29 


(4.16) 


within the range of D/ S values tested (viz, D/ S = 1*13 to 
5.60). The best fit relation for the experimental data on 
B1 flows was obtained as 


= 0.36 Log (D/S)-1.084 ( ^ ) + 1.115 (4.17) 

This is shown in Fig. 4.9 where [ Cj-0.36 Log (D/S)] is 

V2 ° 

plotted against and all the data on B1 flows are plotted, 

Eq. (4.17) is also shown in this Fig. The maximum scatter 



















Symbols Same 



Fig.. 4.9 Variation of C^j ih Super-critical Approach Flows 
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of experimental data was found to be + 10/. with an average 
scatter of 3/^ Hence, being a satisfactory correlation 
Eq. (4,17) can be taken to adequately represent the variation 
of in B1 flows over longitudinal bar bottom-racks. It is 
noted that values are affected considerably by the flow 
parameter Y^/2gE^, For a given D/ S ratio, values rapidly 

p 

decrease with increase in M‘^/2gE^ i.e. with the increase in 
Froude number of the approach flow. 


4.3 Prediction of the Diversion Ratio : 
4,3,1 Parameters 


Vi/hile the diverted flow for a given rack and 
flow condition can be calculated by using C^, it is useful 
for design purposes to directly correlate the diversion ratio 
to the rack and flow parameters. The diversion ratio of a 
bottom-rack is defined as the ratio of flow diverted through 
the rack to the total stream flow Qg i.e. Q^/Qg* The 
pertinent variables influencing the through a horizontal 
longitudinal bottom-rack may be grouped as 

Qp = fn [QgjYQjV^ B,L,D S] , (4,18) 

Qq 

Hence, the dimensionless parameters affecting ^ can be 

S 

written as 


% _ r L^B^q D D B B i 

Q„ ~ ^2 ’ By' S ' B ' L ' y ■' 


(4.19) 


The dimensionless parameters in simplified form can be 
rewritten as 
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5d 

Qg 


= fn 


where 

eo 


r-L R D B D B T 

‘-y^ ' ^eo» S » L ' B ^ y^-* 

= Reynolds number of approach flow 


(4.20) 


y^ = upstream critical depth. 

For turbulent flows, R-gQ> being very high, may be considered 
to have negligible influence on the gross characteristics of 
the phenomenon. Out of the two rack parameters D/S is consi- 
dered to be significant and the other viz, D/B is considered 

not significant at very small values. Further by assuming 

B 

the effect of aspect ratio — to be insignificant in 2D flows, 
the diversion ratio is expressed as 



fn 



D B 1 
S ^ L 


(4.21) 


The parameter ^ is a measure of the nature of approach flow 

^c 

and the size of the rack. It can be expected that the dive- 
rsion ratio will increase with ^ . The parameter D/S is 

^c 

a measure of transverse contraction of the flow for a given 
opening area ratio . The parameter B/L is a measure of 
the two dimensionality of the flow over the rack representing 
the possible effects of side walls. It may be mentioned that 
the parameter ~ has been used by Venkataraman, et al (4) 
for representing the variation of diversion ratio of a slot. 


The variation of the diversion ratio with the . 
parameters as in Eg. (4,21) is analysed separately for Al and 
B1 flows. 



4.3.2 Qq 

in A1 Flows 
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Qn L- 

For j^Al flows the variation of with y 

by taking D/S as third parameter is shown in Fig. 4.10. Four 
values of D/S in each of the two sets B/L =2.0 and 4.0 respecti- 
vely are plotted in this figure. The value of in all the 

^o Qq 

data was in the range 1.3“5.8. It can be observed that ^ is 

S 

not affected by B/L for a given D/ S and increases linearly 

with Also, there is no specific effect of B/y^, The 

^c 

trend is consistent for all the four D/ S values tested. It is 
observed that the curve drawn through the experimental points 
passed through the origin in all the four cases of D/S. This 
is consistent with the boundary condition Qq= 0 when L=0 i.e., 
when there is no opening, there is no flovi/ diversion. For a 
constant D/S, the diversion ratio can be expressed as 


^ = “i (4.23) 

The slope is a function of D/ S as seen in Fig. 4.10. The 
variation of m^^'^'with D/S for A1 flows is shown in Fig. 4,12 , 
from which m^ can be expressed as 

m^ = 0.51-0.41 Log (D/S) (4.24) 

Combining Eqs. (4.23) and (4.24) 


^ = [0.51 -0.41 Log (D/S) ] ^ 
Os ^c 


(4.25) 



060 



Fig. 4.10. 
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A ”8907 

The minimum length of rack to divert all the incoming flow, 
L„ is defined as the length causing 100;/: diversion. Hence, 


m 


Q. 


by putting — ^ 


D 


1.0 in Eq. (4,25) 


m. 


"1 [0.51-0.41 Log (D/S) ] 

For a constant D/S, Eq, (4.25) is valid for 


(4.26) 


k 

y. 


m 


1 


^ ' c 

L ®1 

and for all rr“ > "the 7 =r- will obviously be unity- 

y oq 


4.3.3 


3 

Qc 


■D 


y. 


in B1 Flows 


For B1 flows the variation of 


Q 


D 


with 


Qs ■y. 

taking D/S as third parameter is shown in Fig. 4,11. Four 
values of D/ S in each of the two sets B/L =2.0 and 4.0 


by 


respectively are plotted in this figure. The value of 


B 


in all the data was in the range 6, 98-15.38. It is seen that 
R Qt^ 

r has no effect over for a given D/S while ^r- increases 

linearly with — ^ . Also, ^ has no distinct effect over 

c ^o 

the diversion ratio. The trend is consistent for all the four 
D/s values tested. Similar to A1 flows, in this case also the 
variation of Qp,/Qc: with L/y is linear and can be expressed 
by Eq. 4.25, replacing mj^ by m^. 

The slope m 2 is a function of D/ S as seen in 
Fig. 4.11. The variation of m 2 '^with D/S for B1 flows is 
also shown in Fig. 4.12, from which m 2 can be expressed as 


ro. 


0.36-0.26 Log (D/S) 


(4.27) 














Fig. 4.12. Relation of m with D/S. 
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Combining Eqs. (4.23) and (4.27) 


Q, 


=[0.36 - 0.26 Log (D/S) ] - 


(4.28) 


Further the minimum length L in B1 flows can be represented i 


as 


y. 




[0.36-0.26 Log (D/S)] 


(4.29) 


As in A1 flows, for a constant D/S, Eq. (4.28) is valid till 


L ^2 L 

^ < 7^ and for all ~ > 

^ c ^ c 

It is observed that for a given 


m^ 


y 


c 

L 

Yr 


Qp/Qg will be unity. 

— and D/s, the diversion 


ratio is higher in A1 flows than in B1 flows. 

[. 

Q 


* In Fig. 4.12, m=mj^ (for A1 flows) and m=m 2 ( for B1 flows). 


4.3.4 


‘‘D 


Qc 


in A1 flows over a Slot; 


Q 


D 


For A1 flows over a slot the variation of p- with 

^S 

is shown in Fig. 4.13. The experimental data of the present 
study for the two sets B/L =2.0 and 4.0 along with the exper- 
imental data from Venkataraman (4) for B/L = 2.0 and 5.0 are 

R 

plotted in this Figure. It is seen that ^ does not affect 
the diversion ratio distinctly. Diversion ratio varies line- 
arly with “ and can be expressed as 


Q, 


= 0.5883 ( ™) 
S .^c 


(4.3Q) 


m 


From this equation for A1 flows over a slot, = 1.7 .The 


Eq.(4.30) is valid for 


_k < JH 


and for all values of 



B/L Symbol Reference 



Fig. 4.13. Variation of Diversion Ratio for a Slot in Sub 
critical Approach Flows (A1 Type). 
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i-i m 

~ > r — the diversion ratio will be unity, where L = minimum 

"c ^ 

length of the slot required for lOOyi diversion, 

4,4 Energy Loss Over the Rack ; 

4.4,1 Introduction ; 


For determining the energy loss over the 

rack, the specific energy at the inlet to the rack E, was 
defined as Ej^ = y^^^ + ^ by ignoring the correction for 

curvilinear flow over this section. Thus the energy loss over 
the horizontal rack can be approximated v/i thou t serious error 


as 


^ 


(y 


le 


VJ 

2? 


0 - (y 


.^2 

2e 2g 


(4.31) 


where suffix 2 represents the conditions at section 2, It is 
common in spatially varied flow analysis ( for example 
Mostkow (3)) to assume the energy loss over the rack as negli- 
gibly small. As such, a study was made to find out the order 
of magnitude of the energy loss in the present investigation. 


L 

Plots of TT-” vs - — ” for A1 and B1 flows are 

% 

shown in Figs. 4.14 and 4.15 respectively. , It is seen that 

in both these flows there is considerable energy loss even 

L 


though there is no direct correlation with 

Et ^le 


The average 


value of 


■^1 


in A1 flows is around while it is about 


30:;^ in 31 flows. Also it was found that is not correla- 

ted with Fj. in both A1 and B1 flows. 



Symbols Same 





and Yie/YiL=1.00 
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In a simple model E, was defined as 


El = K 


Yl 

2g 


(4.32) 


where K is the coefficient of energy loss. While an average 
value of K was obtained as 0.4 in both A1 and B1 flows ^ there 
was considerable scatter and no distinct correlation with 
either of could be obtained. 

In another model the energy slope S = E^/L was 

expressed as 

= fn (B,L, YigiD^S) (4.33) 

Groups of dimensionless variables affecting the variation of 

S can be written as 
e 

(77^- § > r ) 

The variation of with the parameters as in 
Eq. (4,34) is analysed separately for A1 and B1 flows. 

4.4.2 Sg in A1 flows; 


For A1 flows the variation of with by 

® ^le 

taking D/ S as the third parameter is shown in Fig, 4.16, Four 
values of D/S in each of the two sets B/L = 2,0 and 4,0 resp- 
ectively are plotted in this figure. It is seen that for a 
given D/S there is no effect of B/L and the value of decre- 
ases with . The trend is consistent for all the four 

'^le L 

d/s values tested. The variation of S^ for a constant ~ 

was found to be related by a linear relation within the 

range of D/S values tested (viz,D/S=1.17 to 5.50) as 















Symbols Same 
as in 
Fig. 4.16 



[(s/a) 60 -o+®s] 


Approach F lows ( AT Type) . 
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= 0.785 -0.09 (D/S) 


(4.35) 


Using this the best fit relation for the experimental data 
on A1 flows was obtained as 

Sg = 0.868-0.09 (D/S)-0.229 ■ (L/y^g) (4.36) 

This is shown in Fig. 4.17 where [S^ + 0.09 (D/S) J is plotted 

against ^ and all the data on A1 flows are plotted. Eq. 

^le 

(4.36) is also shown in this Fig. The maximum scatter of the 
data was found to be + 15^^ and the average scatter was about: 

5 '/» Hence, this equation can satisfactorily be used for the 
estimation of the energy slope in A1 flows over lengitudinal 
bar bottom- racks. 

4.4.3 S_^ in B1 flows; 

e 


For B1 flows the variation of with ~ by 

taking D/ S as the third parameter is shown in Fig. 4.18, 

Four values of D/S in each of the two sets B/L=2.0 and 4.0 

respectively are plotted in this figure. It is noted that 

for a given D/S there is no effect of B/L and the value of 

decreases with ^ . The trend is consistent for all the 
® ^le 

four d/s values tested. The variation of for a constant 
r 

— was found to be related by a linear relation as 
Yle 


Sg =1.01 -0.09 (D/S) 


(4.37) 


within the rai ge of D/S values tested (viz, D/S = 1.13 to 5.60) . 
The best fit relation for the experimental data on B1 flows was | 


obtained as 
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= 1.06-0,09 (D/s) -0.075 (L/y, ) (4,38) 

0 J. 0 

This is shown in Fig. 4,19 where [Sg+0.09 (D/S)J is plotted 
against L/y, and all the data on B1 flows are plotted. 

Eq. (4,38) is also shown. The maximum scatter of data is 
about 20/< while the average scatter is roughly 8><. Hence, 
the equation (4.38) can satisfactorily be used for the estima- 
tion of the energy slope in B1 flows. 

It is interesting to see that the coefficient 
of D/ S in both the Eqns. (4.36) and (4.38) is same at 0.09. 

The energy slope ^ Se is smaller in A1 flows, where the 
approach flow was subcritical, , when compared to B1 flows. The 
range of parameters Fq,F^,F 2 and L/y^^^ used in the study are 
shown in Table 4.1, 

Table 4,1 Range of Parameters used in the Study of 


Type of 
flow 

Fo 

^1= X. 

F _ JV 
^ vgyge 

L/Yle 

A1 

0.60-0.85 

1.1 - 1.5 

1.1-1.45 

0.67-2.10 

B1 

1.3 -5.4 

1.6 - 6.1 

4.8-6. 5 

2. 0-8.0 


It is obvious from the Table 4.1 that in A1 flows, 
the inlet Froud number F^^ varies in a very small range (1.1-1. 5) 
and the range of flows Fj^ through F^ is also small. However, 
in B1 flow high Froude numbers as much as 6.5 were encountered 
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and account for higher energy losses. The Eqs.(4.36) and 
(4.38) must be considered as only approximate relationship. 
However, the/ underscore the magnitude of Ej^ ar^d their use 
is definitely an improvement over the assumption of zero 
energy loss, 

4.4,4 Energy loss in A3 Flows ; 


The analysis of all experimental data on A3 flows 

Ej. 

shows that the percent age energy loss ( p~-) for most of the 

^1 

data lies within 2 to 4y<. Also, the energy slope (S^) for 
mighty percent of data ranged from 0.05 to 0,15. The range 
of energy loss and the pertinent parameters of the flov^i 
observed in the study of A3 flows are shovm in Table 4.2, 


Table 4.2 Range of Energy Loss Parameters in A3 Flows; 


Parameters 



Range 


Min. 

Max 

Average 

— 

0.0 

10 .0 

3.5 

^e 

0.0 

0.22 

0.09 

L/vie 

0.15 

0.90 

0.40 

Sk 

O 

• 

o 

0.55 

0.25 


The range of E./E, shown in Table 4.2 is quite small and no 

Et 

distinct variation of ~ or could be observed with 


^ and other parameters. More over, it is clear from 
^le 
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Table 4,2 that the energy loss 


^ as v/ell as energy slope 
^1 


Sg are quite small. An average value for whole the data 
observed is given in the table with a view to show that 
majority of data were well within 2 to 4>< energy loss. 


Hence, for the analysis of A3 flows, the energy loss 
over the rack for Sj^ < 0.55 can be taken as negligible for 
practical purposes. 


4.5 Water Surface Profile Calculations; 


In view of the above analysis, it is obvious that 
the energy loss over the rack particularly in A1 and B1 flows 
can not be neglected. As such. Equations (2.4) and (2.12) 
suggested by Mostkow for water surface profile calculations 
along the rack by assuming constant specific energy all along 
it, are not justified to use. 

The original equation of .SVF with decreasing disch- 
arge for a rectangular, prismatic and horizontal channel by 
taking kinetic energy correction factor a=1.0, can be repres- 
ented as 


dy 

dx 


= Las:- 


Qq 

’ „ 2. 3 

gB y 


(4.39) 


where = Energy slope over rack; = Diverted flow through 
the rack ; 

and q* = discharge per unit length of the rack and can 


be defined as 
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Q|^ 

= “X = = Constant (4.40) 

can be calculated from equation (4.12) or (4,17) depending 
upon the type of flow A1 or B1 respectively. 

Sg can be calculated from equation (4,36) or (4,38) depending 
upon the type of flow. 

Then, the Eq, (4.39), after substituting the values of 
and q^ , can be solved by a suitable numerical technique 
to obtain the water surface profile over the rack. Since, 
the energy loss in A3 flows, is negligibly small, Mostkow 
equations (2.4) and 2,12) can be used for water surface 
profile determination in this particular case. 



CHAPTER V 


CONCLUSIONS AND RECOMMENDATIONS 


5.1 Conclusions: 


A detailed experimental study has been made 
on the hydraulic behaviour of horizontal longitudinal bar 
bottom-racks, made of circular bars, in A1,A3 and B1 flows. 
Based on the study the following conclusions are drawn. 

Yil 

1, The variation of the limiting inlet depth ratio 

^c 

has been studied for A1 and B1 flows separately. In 
A1 flows it is found that ^IL 


y. 


varies with the opening 


area ration and is not affected by B/L ratio of the 

rack, while in B1 flows ^IL depends upon the Froude 

^c 

number of approach flow as well asB.* 


D 


2. A coefficient of discharge C^ is defined as C^ = 

Variation of C^ has been studied in A1,A3 and B1 flows 
separately. It is observed that C^ is a function of 


2gE, 


and d/s ratio of the rack in all the three types 


of flows studied. The effect of B/L on C^ is found 
to be insignificant. The effect of the flow parameter 


V 

o 

2gE^ 


is found to be negligible in A1 flows while it 


has a pronounced effect in B1 flows. The best fit 
Eqs. (4.12), (4.15) and (4.17) have been obtained for 
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3. 


estimation of in A1,A3 and B1 flows respectively. 

It is found that the value of in B1 flows for a 
given flow and rack parameter is higher than the 
corresponding value in A1 flov./s, Plso, in A3 flows 

is higher than that in A1 flows. . M and A3 flow over 
the limiting case of a rack (viz, a slot) are also 
studied, 

Qd 

The diversion ratio 1=:^ is found to be a function of 

o 

— and S for Ai and B1 flows. It is observed that 
® Q 

the value of ^ is higher in Al flows than for corresp- 

. 

ending value in B1 flows. The variation of the diversion 
ratio in Al and B1 flows are expressed by Eqs (4,25) and 
(4.28) respectively. The minimum length of the rack 
required for the whole diversion of the incoming flow has 
also been obtained from these equations. 


4. For a slot in Al flows the diversion ratio is related 

with by a simple equation (Eq. 4.30). 

^c 

5. An attempt has been made for the determination of the 
energy loss over the rack. An average value of percen- 
tage energy loss with respect to inlet specific energy 
is determined as 15j^ and 30'A in Al and B1 flows respec- 
tively. It is also observed that energy loss in A3 
flows can bo taken as essentially zero. The variation 

of has been studied with and ^ for both Al and 
e Yle S 

B1 flows separately. It is found that the value of 
in B1 flows is higher than the corresponding value in Al 
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flows. Best fit equations (4,36) and (4.38) have 
been determined for estimating the energy slope in 
A1 and B1 flows separately. 

6. In view of substantial energy losses, use of Mostkow 
equations for water surface profile determination, 
based on the assumption of zero energy loss seems to 
be erroneous. As such, using the energy slope 
calculated from corresponding equations obtained in the 
present study, in the original equation of SVF with 
decreasing discharge and solving it by any suitable 
numerical method, is the suggested approach for the 
determination of water surface profile over the rack. 
However the Mostkow equations can be used for determin- 
ing water surface profiles in A3 flows vdthout much 
error because of the negligible energy loss in this 
flow case. 

7. Information of this study is useful in the design of 
trench weir intakes. A simple fortran program has 
been given in appendix II for determining the length 
of such trench weirs and compared with their original 
recommended design. 
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Based on the literature review and the present 
study, the following further studies on this topic are 

recommended. 

inclined lognltudlnal bar bottom-racks need to be studied. 
The study could be extended to the perforated plate 
bottom-racks also. 

study could be extended for other shapes of bars namely 
Rectangular, stream lined etc to obtain efficient 

economical bar geometry. 

A^more detailed study is needed for energy loss determi- 
nation over the rack. 


1 . 

2 . 

3 . 
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APPENDIX II 


Jtie part; of tne design of trencrt weirs Inciuaes tt’at ot 

udlnal Bar Hottom*Rack;s, The present study indlc<«tcs 
that: the following field parameters are required for tne 

the design of such racKs i 

(11 The total stream flow , QS 
Cli) The diverted flow through the racR , QD 
(ilil The Width of the racic /channel , B 
^ Civ) 'The depths , TO and Tie 
ilhd .,'- (v) The diameter of the oar ,0 and spacing , s 

httween the bars,.' ■ 

The spacing can be chosen on the basis of t,he size of tne 
sediment present In the strea*,- 

With tne suggested correlations one can use the above 
parameters to calculate the length of the racJc, h siwole 
fortran rrogram has been developed and given on the next 
page. The length calculated from this program with th® 
available data tor banU and PARAI trench weirs alongwith 
their recommended length is given in Table I 

TaBuE 1 Comparislon ot design lenths. 


weirs T>ength (m) calculated hengthcmi 

by present method provideo 


BANU 


1.1 


1 . ^ 


2,0 


PARAI 


2,0 


HACK 

(iU-.-iil’l nFiR — HACK DESIGN 

l*M», KUjJ tiVUf^U PHuGKAM CALCULATES THE LENGThClU UF A HUi AfMi uACK 
Ff»H ¥.hLCH AIH'ROACH FLOW ( US ), DI VERTED FLOW(QDj XHHnyGti KatK , Yv , i 1 , 
OF RADS , SPACING (S) BETWEEN THE RAF^S A^D 
CMAi'O'JFL IS KNOt^N.HEKE XO IS DEPTH AT A DISTANCE '5X1e'FHuH U/.S B.. 5 
UF HACK fttYle IS U/S BRINK DEPTH, 
heal L,L 1 

OS,QD,Ya,Yle,DrS,B 


THE OPEN AREA RATIO "EPS'' HAS iEEN MULTIPLIED BY 0.4S BY 
considering 10% REDUCTION DUE TO FRAME WORK AND 50% DUE TU 
CLOGGING TO GET « EPSl”, 


ii«0j45%EpS ^ ^ 


0/3,0)) 



KPSI«0s45%EPS 

f 0 »f - - “ ■ - - — 

YC»I 
DS«D/1 

' ~ “ ' ) GO TO SO 

GO TO 100 

^ , =V0/(i9.62»E0)) + l.U5 

WRITE (22, 7) , 

F0HMAT{/,20X, 'FLOW IS B1 TYPE') 

WHITE (22, 8) 

FOHBAT(/,20X,2U( '«')) 

UU TO 150 

Cl)=( ALUG(D/S)*0.20)-0,247»(VU»VO/(19.62*EO) )+0.601 
wHITE( 22 , tu) 

f 0KMAT(/,2UX, 'FT.OW IS A1 TYPE') 

WRITE (22, 8} 

01 > TO IS'J 

Cl>=(ArAJ<UD/SJ*0.2H)-(C V0FV0/(19.62»E0 3)*0,56S)+0,752 
wR I TE( 22 . 1 SI 

FORM A-U/,2bx, 'FLOW IS A3 TYPE') 

WRITE (2 2, 8) 
on TO J50 

l,=gn/(hFS1 ♦HFCD*(S>2RT(1D,62*E03)3 

!.f-RGTi!, L IS InCKF.ASED BY 10% TO GET DESIGN LENGTH ,L1. 

LI =1 I ^F. 

^iUTE(22,12) OS,UD,YQ,U,S,B,CD.DS,YC,yie,EOjFO,EPS.l. 
FsiHMAT(/|10Xi ^0S=',F?,3, 'CUHECS' ,/ .lOX, 'QD=* .F?, 3, *CUMECB' , 

I /,iOX, *Y0=!* ,Fb,3, 'METERS',/,10X, *D=' ,Pb,4, *MEfERS^ ,/,lV^' 
i ' S= ' , f 6 , 4 , ' WTERS ' , / , 1 OX, * B= ' , FS . 2 t ' METERS ' , / , 1 OX , *CD» ' , F« 
I/, JRX, 'i)/S=',F6.3,/,lUX. 'YC=',F6,3, ‘mETEPS',/, 1UX, *Yle*%t( 
1 OETKftS',/, tux, 'EOS' ,FB, 3- 
l/,1LX,'F0a' 

I THE RACK 
STOP 
iM’tO 


fo • 3 f 

'6.3, ' 


VA, C.U- |ro*j/ MTR^RS* 

,F6,i,/,iOX,’OPEN AREA RATIO- ' ,Fb,3,/ i2QX, 'LtFLTH uF 
RECOMMENDEDs' ,r5,l , 'METERS ' ,/,20X,i0t*„' ) 5 


